The local ligand field can be studied using the Ab Initio Ligand Field Theory (AILFT) 22 implementation in ORCA 1 . Briefly, the AILFT procedure involves the following steps: 23 A. Firstly, a state-average CASSCF(n,5o) calculation of the transition metal d n system 24 is carried out. The states are averaged equally over all spin-manifolds followed by 25 equal averaging of roots with each spin-manifold. 26 B. The CASSCF(n,5o) calculation is followed by a NEVPT2 calculation in order to 27 account for dynamic correlation effects. Transition energies are replaced with the 28 NEVPT2 ones and the CI matrix is back-transformed in the basis of the CI 29
configurations. 30 C. The Ligand Field (LF) Hamiltonian (shown below) in the same CAS(n,5o) 31 configuration basis is constructed using the 15 one ( ") and 2 (Racah B, C) ( $ ) two-32 electron parameters. 33 D. The LF matrix elements in the basis of all configurations are then fit to the ab initio 34 ones using a least-squares method to extract the 17 parameters of the LF model 35
Hamiltonian. 36 37 Since the AILFT is presently restricted to monomeric systems, one of the Fe(III) centers 38 (ionic radius 0.49 Å) of the dimer has been replaced by Ga(III) which has a similar ionic radius 39 (ionic radius 0.47 Å). This localizes the unpaired orbitals on a single Fe atom and therefore the 40 protocol presented in previous publications 2,3 can be used to study the local electronic structure 41 of the Fe atoms in the dimer. 42
The Angular Overlap Model (AOM) has previously been used to interpret experimental 45 single-crystal UV-Vis spectra of iron-sulfur monomers 4, 5 . This demonstrates the use of AOM 46 in understanding the electronic structure of complex transitions of metal centers. The AOM 47 also incorporates a direct connection between the electronic structure and the geometry of the 48 molecule providing a means to explain geometry perturbations. The metal-ligand interaction 49 parameters of the AOM ( and ) (obtainable from experiment) contain chemical insight 50 sufficient to interpret complex experimental spectra in terms of simple chemical models. In 51 this model the 15 one-electron parameters ( *+ ) of the LFT model Hamiltonian are fit using a 52 phenomenological model [6] [7] [8] . 53 54 55 Where, in the above expression, runs over the ligands and the functions give the angular 56 dependence of the interaction of the respective types ( ( and . etc.) with respect to the angles 57 , and as defined in Figure S2 below. In this way, the ligand-metal interactions strengths 58
= , ⇡c, ⇡s Figure S1 . The geometry parameters of the model Fe 2 S 2 dimer. The angle represents the 61 dihedral angle between C-S-Fe-S atoms and angle corresponds to the tetrahedral angle 62 between the S-Fe-S atoms. The 45 axis is along the axis (blue arrow) of the dimer molecule. 63
64
In the present work, we use AOM in order to study the relative impact of the thiolate and 65 sulfide ligands on the ligand field splitting of the Fe(III) centers. A similar protocol was used 66 to study the ligand field splitting of iron-sulfur monomer in Ref 1 Since the CASSCF wavefunction is invariant with respect to rotations of the active orbitals, 74 a suitable canonicalization has to be performed. In the present case, we have chosen a local 75 orbital representation. Such a canonicalization not only serves to define standard orbitals, but 76 is crucial for a compact reading of the wavefunction in the presence of a large number of 77 unpaired electrons. 9 The active-orbitals were localized using the Foster-Boys procedure 10 . 78
After localization, the orbitals on individual Fe centers were transformed in order to 79 diagonalize the state-averaged local Fock matrix. Such a transformation unambiguously 80 defines a local molecular orbital basis since the state-averaged local Fock matrix eigenvalues 81 and eigenvectors are independent of the axis frame chosen. Such orbitals are referred to as local 82 Fock orbitals. The basis for the analysis of the hopping parameter was obtained using via the 83 local Fock orbital procedure. The CIPSI 11 calculations were performed using the Iterative Configuration Expansion based 89
Configuration Interaction (ICE-CI) implementation in ORCA. A detailed description of the 90 implementation will be presented elsewhere. The main protocol is the following: 91
A. In order to estimate the LMCT energies, we performed ICE-CI calculation with a CAS 92 space of (38e,24o) including 14 ligand orbitals made up of 6 bridging orbitals of the 93 sulfide ligands and the 4 and 4 orbitals of the terminal thiolate ligands along with 94 the 10 d-orbitals. 120 roots for the S=4 spin-state were calculated in order to obtain the 95 few lowest lying LMCT states. 96 B. The energies of the MLCT states were estimated using truncated ICE-CI calculation 97 with a CAS(10e,22o). For the virtual ligand orbitals, we included the 4s and 3d sulfide 98 ligand unoccupied orbitals. This makes a CAS(10e,22o) and similar to the previous 99 case, 120 roots for the S=4 spin state were calculated. 100 Figure S2 . The two toy systems studied in order to estimate ratios of covalencies between 262 thiolate and sulfide ligands. The first model system a.) consists of a iron(III)-tetraammonia-263 bis-thiolate model compound and the second b.) A dimer composed of iron(III)-tetraammonia-264 thiolate and Gallium(III)-tetra-ammonia-thiolate bridged by a Sulfide ligand. 265
In order to estimate the relative strengths of the thiolate and sulfide ligands, two model systems 266
shown in Figure S1 have been studied. The first one is a tetraamine-dithiolate-Fe(III) 267 (Model(a)) complex and second one is a mimic of the iron dimer containing a bridging sulfide 268 and terminal thiolate ligands (Model(b) ). The geometry of the two model complexes was 269 chosen to represent the iron-sulfur dimers studied in this work. Consequently, the Fe-thiolate 270 distance was taken to be about 2.30Å for both model systems, this is the Fe-thiolate distance in 271 the homo-valent dimer. The Fe-sulfide distance was taken to be 2.20 Å. The Fe-ammonia 272 distance was taken from crystallographic values to be of 2.22 Å. The angles were chosen 273 according to octahedral symmetry and the hydrogen atoms were optimized using DFT and 274 BP86 functional using the same protocol as mentioned in the computational details section. 275
The AOM parameters extracted for the model systems are given in Table S1 below. 276 From this analysis, we can conclude the following two points: The CCSD natural orbital analysis for the FeGa and FeFe dimers is presented here. The Table  292 S2 gives the diagonal Fock matrix-elements of the natural orbitals for the 10 metal d-orbitals 293 along with the six bridging sulfide p-orbitals and the twelve p-orbitals of the four terminal 294 thiolate ligands. 295 The many particle spectrum extracted from a CIPSI calculation for the LMCT and MLCT state 301 and a CASSCF calculation for the MMCT and non-Hund states is given in Table S3 below. A 302 schematic of the definition of the various types of configurations is given in Figure 9 of the 303 manuscript. 304 305 Table S3 . The wavefunction of the five family of states in terms of the percentage weights of 306 the various types of configurations. All spin-states of the Hund type are given and only the S=4 307 spin states for the non-Hund, LMCT, MLCT and MMCT type of states are given. The energies 308 (in cm -1 ) of these five family of states are taken with respect to the ground state (i.e. Hund 309 state) of the S=4 spin-subspace. 
